INTRODUCTION
The relative importance of heredity and environment in determining the size, development, and ultimate proportions of animals has attracted some scientific study and discussion, but little planned experimentation has been attempted with mammals. In the mammal the early and formative stages of development take place in the uterus, where the environment is remarkably constant, and it is not easy to subject the foetus to varying conditions and at the same time not overstep the normal physiological limits. Previous work on the rabbit (Hammond I934 a; Wishart and Hammond I933), however, has shown that the size of young at birth is approximately inversely proportional to the number in the litter, and it appears probable that some internal secretion or metabolic product of the mother forms a limiting factor in the growth of the embryo. In a monotocous species this effect does not appear, although exceptional twinning or polytocous births reveal its existence, the young at birth being regularly smaller. That the absolute amount of this hypothetical growth-promoting substance may be related in some way with the size of the mother is suggested by the figures of Gregory (I930), which show that the average number of ova of rabbits increases with the average size of the strain. In a monotocous species therefore the size of the mother might determine the size of the offspring at birth. This is also suggested by the results of reciprocal crosses between donkey and horse. The mule (donkey x horse ?) is larger than the hinny (horse S x donkey $) (Plumb I916). Since, however, in a species cross the objection may be raised that abnormal genetic segregation might affect the result, we selected for our experiment two breeds of the same species, but of markedly different size, namely, the [ 311 ] Shire horse and the Shetland pony, and reciprocal crosses were made to see how far the size of the mother would affect the size of the offspring. No genetical analysis of size inheritance in horses has yet been attempted, and therefore it may be said that the genetic potentialities of our material were unknown. In the absence of evidence to the contrary, however, we considered it justifiable to assume, on the basis of much genetical experimentation on size inheritance, that a large number of factors would be involved, that segregation and recombination would be at random, and that the offspring of the two breeds would be genetically intermediate, irrespective of which way the cross was made. Any difference between the offspring of the reciprocal crosses would therefore be due not to chromosomal differences but to differences in the environment brought about by difference in the size of the mother. In other words we would have a controlled experiment in which "Mother-size" was the only or predominating variable.
The horse is particularly well adapted for studying the effects of maternal influence on the offspring, since the duration of pregnancy is relatively long (11 months) and the foal is born in an advanced stage of development, particularly with regard to the skeleton (see Meek I9OI). Consequently, the effects of maternal influence acting over a long and formative period should be well marked.
The specific problems which we set out to investigate were:
(1) Would the offspring at birth be intermediate in size between the normal offspring of the parent breeds? If this were to be so the foetus in the small mother would certainly be too large and would either cause death of the mother or very difficult parturition or possibly premature abortion, while in the large mother the foal would be very much smaller at birth than normal for the breed.
(2) Would, on the other hand, the size of the mother by virtue of the growth-promoting substance available exert a controlling influence on the size of the foetus, so that in the case of the small mother the foetus would be limited in growth to such a size as she would normally give birth to, while in the case of the large mother the foetus would develop up to the size normal to the large mother?
(3) If a difference in size at birth were established, would this affect the subsequent growth and permanent proportions of the body? (4) If permanent differences in adult life were established, would these differences be transmitted to subsequent generations? Naturally a complete answer to the last question cannot be given for several years but we now have evidence to present on the first three.
The experiments relate to several problems of scientific interest, such as In 1934 the Shire mare ("Daisy ") in foal to the Shetland stallion, and the Shetland mare (S 1) in foal to the Shire stallion, foaled during the night without assistance, and the foals were found running with the mothers in the morning. In 1936 the two Shetland mares (S 1 and S 5) which were in foal to Shire stallions were given the same treatment, but the foals were found dead shortly after parturition. As will be seen from Table I , the weights of these foals were perfectly normal for the weights of the dams. There was no sign of dystokia. The placentas and foetuses were perfectly normal in appearance. The cause of death was accidental suffocation by the foetal membranes, as birth occurred during the night when they were not under observation. Had there been any difficulty at birth the mares would have required help.
In 1936 the Shire mare "Daisy" produced a second cross-bred foal. In addition to the cross-bred animals we had pure Shetland foals with which to make comparison of weights and growth rates. From birth onwards weighings, measurements and photographs of the foals were made periodically. The data are recorded in Tables I, II The principal features shown in Table I will be briefly noted here but a full discussion will be given later. Weights of placentas. The placenta of the horse is non-decidual so that the afterbirth represents only foetal material. Up to birth the placenta is an integral part of the whole animal of which it constitutes about 8 %. Since the placenta is an organ of foetal nutrition and may also have an endocrine function, its size may be an important correlate of foetal size and development.
Weight

POSTNATAL GROWTH IN WEIGHT
All the data for postnatal growth are given in Table II . It will be seen that within the two groups for which we have more than one representative there is fairly close agreement. For the purpose of our analysis, however, we shall confine attention to the three animals-S 6, D 1 and D 2-representing respectively pure Shetland, Shetland-Shire cross from Shire dam, and Shetland-Shire cross from Shetland dam. All three foals are of the same sex (female) and were born in the same year, within a period of about and 3 respectively for the early period of growth. From these graphs it will be seen that D 1, the cross-bred from the large mother, grew rapidly, putting on large monthly gains. This rapid growth may be due in part to the plentiful supply of milk from the large mother. We have no actual measurement of the milk flow, but we assume that it would be sufficient to maintain a normal Shire foal. That the growth of the foal was to some extent dependent upon the milk supply of the dam is shown by the rapid drop in the growth curve which follows weaning at 4 months. Unfortunately, we have no actual measurements of Shire foals with which to compare the growth of D 1, but even in this early period it was apparent that the foal was growing less rapidly than a normal Shire. Fig. 4 gives some data on Shire growth, and from this curve it is obvious that D 1 diverges from the normal Shire curve at an early stage. In contrast to D 1 the cross-bred from the small mother grew less rapidly, and this was possibly due to some extent to the limitation in the milk supply from the small mother. The foal did, however, grow more rapidly than S 6 (pure Shetland), although it was receiving approximately the same nutrition. During lactation therefore the growth of the foals is not entirely determined by nutrition. Genetic differences make their appearance-D 1 grows less rapidly than a pure Shire foal although receiving the same nutrition. D 2 grows more rapidly than S 6 (pure Shetland), although both are suckled by dams of the same size. This genetic effect is of course not independent of nutrition. Growth in bulk can only be obtained from the food supply, but apparently genetic differences determine the amounts of the food which will be assimilated and retained for the growth of additional tissues.
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Maternal effects in Shire horse-Shetland pony crosses After weaning the three foals were on a comparable nutrition. D 1, after it had recovered from the temporary set-back due to weaning, continued to grow and make large absolute monthly gains, although, as will be seen from fig. 2 , the gains fell off more rapidly than D 2 or S 6. D 2 continued to increase in size relative to S 6. The relationship between the animals is most clearly brought out in fig. 6, which shows The ultimate size which the three foals will attain will not be known for another year or so, but it is obvious from the growth curves that there will be relatively little change in that time and that the ultimate weight is already nearly attained. The pure Shetland, for example, at 3 years old weighs 255 kg., which is above the weight of any of our adult Shetland mares.
In fig. 4 
DIscussION
In mammals parturition occurs at a time when the foetus reaches a size characteristic of the species and is still able to pass through the genital passage. In most species this size approaches the maximum and parturition is laboured and frequently critical. There is undoubtedly synchronization between the development of the foetus and the termination of pregnancy. The advantage of this synchronization to the animal is obvious and is no doubt an evolutionary adaptation. In the large and small mothers in these experiments the foetus at birth is approximately proportional to the size of the mother, and this proportion is not significantly altered in the reciprocal crossings. Although the offspring differ genetically from their respective maternal parents, as is shown by subsequent growth, at birth the size of the foetus is approximately that to which the mother would normally give birth. The degree of maternal regulation of size in these experiments is very marked. It is, however, not absolutely complete; the cross-breds from the large mother are perhaps not quite so large at birth as normal shires, and the limbs are relatively shorter as seen from figs. 9 and 10. In the small mothers regulation appears to be more complete.
In agricultural practice there is a division of opinion whether the mating of large sires to small dams is liable or not to cause dystokia, although up to the present no critical experiments have been done to test the point.
Possibly those cases in which difficulty at birth is experienced are to be attributed not so much to the general size of the offspring as to a disproportionate lack of regulation of some particular part which may give rise to difficulty at parturition, for example the heavy head and shoulders of the Bison cattle-crosses, or the width of skull in certain breeds of sheep and in bull dogs. Difficulty in parturition, although attributed to the size of the foetus, may be due to an abnormal pelvis or to lack of development of the maternal reproductive tract. For example, in the Dexter breed of cattle the "bull dog"' monster calf is actually smaller than the normal calf of the same age, but, as it is usually aborted before term, parturition is difficult owing to lack of development of the mother's cervix and vagina.
The mechanism of maternal regulation must remain at present a matter for speculation. There is ample proof in the rabbit (Hammond 1935) that the size of the young is not limited by uterine space, for one horn of the uterus is capable of accommodating double the normal number of young, and at birth the young are not smaller than an equal number of young distributed throughout two horns. In species which are normally monotocous, multiple births are not uncommon, and in these cases the total content of the uterus exceeds that of a single birth, showing that considerable distention is possible. It does not appear probable that uterine surface and placentation are determining factors. In the rabbit experiments quoted above, the placentas were not smaller in the crowded uterus than normal. The size of the placenta is very closely correlated with the size of the foetus, but it is not affected by the space available in the uterus. The foetal placenta is an organ of the foetus and varies with the foetal weight, and is affected by the same changes as the foetus itself.
To look for the causes of maternal regulation, therefore, we must go beyond the spacial and anatomical features of the uterus and placenta. Regulation may take place through limitation in the supply of nutrient material to the foetus. On this hypothesis the growth of the foetus may be determined by the level of nutrient substances available, and this level in turn may be a function of the size of the mother. This explains the wellknown fact that in polytocous species the larger the litter the smaller is the individual young, as due to competition for a common food supply. The hypothesis is not upset by the fact that in large litters the total uterine content is greater than in small litters. It is a feature of nutrition that the law of diminishing returns operates so that the larger the litter and the smaller the young the more efficient will be the use made of available nutrients.
Against the hypothesis may be cited the fact that the growth of young in utero is not markedly affected by increasing or decreasing the supply of food given to the mother. This relative immunity of the foetus is, however, by no means absolute (see Hogan I928). Furthermore, if the mother is fed on a low plane of nutrition the foetus will take priority of the available nutrients and deplete the food reserves in the mother's body. On the other hand, if the mother is well fed food reserves will be laid down. The availability of nutrients to the foetus may remain relatively constant whether the mother is gaining or losing weight.
So far we have discussed nutrition in very general terms, but we know that the organism requires a variety of special substances, some of which although small in amount have marked effects upon growth. The vitamins and growth hormones fall into this category. It is possible that regulation of foetal size is brought about through one, or more than one, of these substances. For example, it is possible that growth-promoting hormone of the maternal pituitary may be the regulating factor. This hypothesis is attractive as it at once suggests a mechanism by which the mother's own size and that of the foetus she bears may be co-ordinated.
Another possible explanation of maternal regulation may be cytoplasmic inheritance. It is possible that the ovum receives a quantity of some growth-regulating substance proportional to the size of the mother, and that this determines the size that the foetus will reach at birth. Marshak (1936) found evidence of cytoplasmic inheritance in reciprocal crosses in mice. Cytoplasmic inheritance, however, will not alone explain why after birth the growth rates of the crosses change so that the foals follow a different growth curve to that of the pure-bred foals of the respective maternal parents. This change can, however, be explained on the assumption that maternal regulation acts continuously on the foetus during uterine life and ceases on the termination of pregnancy. It is the uterine environment rather than factors inherent in the foetus which determines regulation.
After birth maternal regulation ceases, perhaps not entirely, since difference in milk supply from the large and small mother may still exert The marked influence of nutrition on growth which we see illustrated in these experiments is not without theoretical importance. Robertson (1923) and more recently Brody (I928) have made attempts to analyse the integral growth curve in terms of some fundamental intrinsic reaction. This assumes that the organism can be regarded as an isolate in a neutral environment, and that nutrition does not limit growth nor set the pace. This is clearly not the case in this experiment, and further evidence on this point is obtainable from the numerous nutritional experiments the object of which is to improve upon the ration and obtain maximum growth. Until this hypothetical perfect ration is obtained and applied throughout the growth period including pregnancy it cannot be shown that the growth curve is determined by intrinsic reactions and independent of the food supply.
With regard to the genetical implications of the experiment we see that at birth as far as weight is concerned the cross-bred young show little influence of their mixed heritage. Maternal regulation has masked the genetical differences, which, however, appear shortly after the maternal regulation is withdrawn. At about 18 months onwards also, growth is apparently proportional to the size of the animal, and genetical differences do not appear to affect the course of growth. The question of dominance of size factors has already been discussed (see p. 324). In regard to the proportions of the body it is clear that before any comparison of genotypes can be made the influence of size as such must be taken into consideration. an equilibrium point was reached at which the relative growth rates of the cross-foals and the pure Shetland remained constant. At 3 years the difference between the reciprocal crosses is still marked and is apparently permanent.
4. Differences in the proportions of the animals, when size differences are eliminated, were not so marked as differences in weight and the influence of nutrition not so obvious.
5. The mechanisms, by which maternal regulation may be brought about, are discussed and three possibilities suggested: (a) Maternal regulation of foetal nutrition; (b) Maternal hormonal control; (c) Cytoplasmic inheritance.
6. The bearing of these results on the theoretical concept of growth is discussed.
7. The experiments illustrate the interplay of nutritional and genetical factors which are involved in development.
